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IN 1944 Castellano and D'Amour described uterine tumours in rats following
the introduction of 10 mg. ofmethycholanthrene in paraffin wax into the uterine
hom. Simultaneous adniinistration of oestrogen improved the yield, whereas
progestin (? progesterone) had ashghtinhibitory effect. Greenblatt andKupper-
man (1947), also using the rat, observed squamous metaplasia of the horn and a
doubtful precancerous lesion in the cervix uteri, but no tumours, when a sim,ilar
dose of methylcholanthrene was introduced. Pan and Gardner (1-948) reported
the development of numerous carcinomas and sarcomas in M'ice ofseveral strains,
when subcutaneous implants of cervical and uterine epithehum were made
together with smaR crystals of methylcholanthrene.
In the experiments described here uterine tumours were induced by the intro-
duction of methyleholanthrene directly into the uterine horn in two types of
ni.ice and the effects of various hormonal factors were stuclied.
METHODS.
The experiments were performed on two types of mice: inbred CBA mice,
maintained by brother-sister mating in the Department of Cancer Research at
Leeds, and white rnice obtained from dealers.
Implantations were performed under ether anaesthesia. The following
methods were used, and found satisfactory in animals weighing as little as 9 g.:
(1) The abdomen was opened and the viscera gently pushed aside by means
of a swab. A fine silk suture was passed around the upper part of the left horn
and fastened in such a way that the wbole horn became readily accessible. The
lower part of the horn was then figated, and a small incision made, with fine
scissors into the upper part. In the earlierexperiments a
"gun," i.e. a fineglass
tube with accurately fitting rod acting as piston, was charged with crystalline
20-methyleholanthrene (obtained from Light & Co., Ltd.). The gun was intro-
duced through the incisioD, a fine silk ligature placed around it a short distance
below the incision, and the carcinogen pushed out into the lumen of the horn.
As the gun was withdrawn the ligature was tightened, the implant ofcarcinogen
thus remaining tetween the two ligatures. In later experiments a hypodermic
needle, without the shoulder, was used as the "gun," and the stilette used as
piston. With this method it is easy to introduce the material even in very small
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(2) The same method as (1) was used to introduce a I per cent solution of
methylcholanthrene in lard (or I per cent methyleholanthrene and I per cent.
oestradiol dipropionate in lard). A tuberculin syringe and blunt metal needle
were used to introduce the material.
The weight ofmethylcholanthrene introduced as crystals by Method (1) was
approximately 0-1 mg. The amount of material introduced in solution in lard
varied considerably, depending on the size of the uterus, but there is no doubt
that the weight ofmethylcholanthrene introduced witb Method (2) was less, and
sometimesconsiderablyless, than that introducedinto the uterus withMethod (1).
(3) This method was similar to (1) and (2), except that the upper part of the
homthrough which the material was introduced was removed. This was done to
prevent the development of sarcoma in connective or muscular tissue at the site
of incision which might have become contaminated with small quantities of
carcinogen.
(4) This. method was devised in order to introduce'material into the uterus
without any incisions. The results obtained were not satisfactory, in that no
malignant changes developed. The method is, however, described, as it may
prove of value, to other investigators.
The uterus was exposed, and the lower art of the right hom and upper part of the left hom ligated. A ligature was placed loosely around the lower part of
the left horn. The upper part of the vagina was then exposed and dissected
free from surrounding tissue and partly separated from the rectum. A stout
ligature was loosely placed around the vagina just above the symphysis pubis. Theligature included the urethra (which can beseparated ifdesired, but no harm
appeared to be donebyincluding it in theligature). A solution ofmethylcholan- threne in lard (warmed to body temperature) was contained in a tuberculin
syringe with a rather thick blunt-ended needle. The needle was introduced into
the vagina and pushed up above the level of the ligature, which was then tied
(with one knot) around the needle and held tied by an assistant. Pressure was
thenapplied, rathercarefully, to thepiston ofthesyringe and the material forced
throughthe cervixinto theleft horn ofthe uterus. Thatmaterial, and notmerely air, was actually introduced into the uterus was shown by using lard coloured
red or blue with a suitable dye. The ligature around the lower end of the left
horn was tied, the ligature around the vagina released and removed, and the
needle with syringe withdrawn. The material remaimng in the vagina was then
thoroughly swabbed out.
With all the methods the abdomen was closed and, ifovariectomy had to be
performed, this was doneimmediately afterwards by posterior incisions.
The abdominal organs were carefully palpated at regular intervals to deter-
mine the first appearance of uterine tumours, but the mice were not killed until
they appeared to be ill or until there was no doubt about the presence of an
abdominal tumour.
Mice receiving oestradiol dipropionate were smeared twice weekly, and a
record kept of the duration of action of the oestrogen.
RESULTS.
Of 15 immature CBA mice, 12 developed tumours of the uterus, as foHows:
4 had carcinomas, 6 sarcomas, and 2 bothtypes oftumour (Table 1). Of 94 white,198 GEORGIANA M. BONSER AND J. M. ROBSON
mice, 20 developed tumours, 13 being carcinomas, 6 sarcomas, while one mouse
had bothtypes (Table II).
Most of the tumours attained alarge size (e.g. 2 x 2-8 x 3-0cm.), distorting
the uterine horn anddisplacing other abdominal organs. The surface wasusuany
smooth, but in the case of some ofthe carcinomas it was
" craggy." On section,.
the tumours presented a homogeneous translucent appearance, sometimes with
haemorrhagic and nec'rotic areas, except in the case of the squamous cancers
TABLF, I.--Occurrence of Tumour8 in Immature CBA Mice.
Spayed. Intact.
Crystals. Lard solution. Crystals.
Mouse Months. Result. Mouse Months. Result. mouse Montbs. Result. number. number. number.
108 8 S 106 5 s 97 31 s
9 f S
0
103 JAC 107 8 AC 99 6 CSq.
104 9 AC 96 10 s
105 11 s 93 10 s
94 151 AC
98 16 ACSq.
100 171
101 1712
95 171I
4 4 2 2 9 6
S = sarconia; AC = adenocarcinoma; AC Sq. adenocareinoma with squamous metaplasia; C Sq.
= squamous cancer.
which were usually granular and opaque on cut section. Ascites, either blood-
stained or chylous, was frequent.
The sarcomas werelocaRyinvasive and grew into the voluntary muscle of the
abdominal wall, in one case encircling breast ducts (Fig. 1) and in another a ri'o,
and also into the pancreas (Fig. 2), the rectal -wall (Fig. 3) and the ureter.' No
metastases were seen. The sarcomas were afl spindle cen in type and appeared
to arise in the uterine wall. All but one were regarded as fibrosarcomas (Fig. 1,
4) ; the oneexception arose in CBA mouse 96 and was aleiomyosarcoma (Fig. 5).
Several were pleomorphic, with multinucleated cells and bizarre nuclei (Fig. 4)..
When combined with carcinoma, the two types of tumour appeared to be of
separateorigin and not derivedfromspindle-ceRanaplasia ofanepithelial tumour.
In sbveral mice there was marked hyperplasia of the uterine glands, which lay
surrounded by sarcoma tissue (Fig. 6, 7).
The carcinomas were classified as adenocarcinomas (Fig. 8), adenocarcinomas
with squamous metaplasia (Fig. 9, 10, 11), or squamous carcinomas (Fig. 12).
They varied in size from microscopic glandular formations to large invasive
tumours. Cystic and glandular-hyperplasia of the endometrium was not infre-
quently observed, either concomitantly with cancer or as a possible precursor of
it. Direct invasion ofthevoluntary muscle ofthe abdominalwall, thediaphragm
andthepancreas was seen. Inwhite mouse 23 there was a metastasisin aregional199 INDUCTION OF UTERINE TUMOURS IN MICF,
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lymph glanct (Fig. 13). Transplantation of the tumours was not attempted, as
theirmalignant nature was not inquestion.
DISCUSSION.
The object of the experiment was to find out whether the direct introduction
of a carcinogen in'to the uterine hom would be effective 'm 'Mducing carcinoma of
the endometri'um in mice, and if so, whether the incidence of tumours could
be influenced by hormonal factors, or by differences in technique. In 109 m,ice
20 endometrial carcinomas were induced, an incidence of 18-3 per, cent. In
addition, 14 sarcomas were observed, an incidence of 12-8 per cent.
Effect of .8train.
A higher incidence of both carcinoma and sarcoma occurred in CBA than in
laboratory white mice (Tables I, II), in spite of the fact that au the CBA rnice
wereimmature atthetimeQfimplantation. The differ'ence m carcinomaincidence
(CBA 40 per cent, white 14-9 per cent ± 13-4) is nearly but not quitestatisticaRy
significant (Table III); that in sarcoma incidence (CBA 53-3 per cent, white 7-4
per cent -.- 13-4) exceeds'the c'onventional level of statistical significance-. B-ut
when imniature CBA mice are compared with immature white mice (Table III),
then the difference in carcinoma incidence becomes significant (CBA 40 per cent,
white 8-3 per cent ± 13-4). The date of appearance of carcinomas was also
earlier in CBA mice than in white mice (average 10-5 m'onths in CBA mice
EXPLANATION OF PLATES.
FIG. l.-CBA mouse 97 treated for 3i months. Iiivasion of the subcutaneous tissue of the
abdominal wall by spindle cell sarcoma. On the left the inguinal lymph gland; below,
a breast'duct and adipose tissue. x loo.
FIG. 2.-CBA mouse 106, treated for 5 months. Invasion and destruction of pancreatic
issue by spindle ceR sarcoma. x 100.
FIG. 3.-Another field from the same tumour as in Fig. 2, showing inva-sion of the rectal wall
by sarcoma. Above and to theright are the rectalglands and submucosa invaded by loose
sarcoma tissue ; passing obliquely across the figure is the muscle of the rectal wall ; below
is the main mass of sarcoma. x 95.
FIG. 4.-White mouse 20, treated for 8 months. Pleomorphic spindle cell sarcoma, with
giant cells. x 100.
FIG. 5.-CBA mouse 96, treated for 10 months. Leiomyosarcoma, showing characteristic
bundles cut in various directions. x 100.
FIG. 6.-Another field from the same tumour as in Fig. 5, showing hyperplastic, proliferating
endometrial glands, surrounded bv sarcoma. x 100.
Fict. 7.-White mouse 7, treated for'5 months. Hyperplastic endometrialglands surrounded
by sarcoma. There are collections ofpolymorphonuclear leucocytes in two glands. X 100.
FIG. 8.-CBA mouse 104, treated for 9 months. Endometrial adenocarcinoma composed of
irregularly disposed acini and abundant fibrous stroma. X 100.
FIG'' 9.-CBA mouse 98, treated for 16 months. Endometrial adenocarcinoma composed of
large and small glandular acini. X 100.
FIG. IO.-Another field from the same tumour as in Fig. 9, showing squamous metaplasia
of the -landular elements. x 100.
FIG. 1i.-White mouse-,23, treated for 12 months. Above, the tumour is a characteristic
papillary adenocarcinoma ; below there is advanced squamous metaplasia. x 42.
FIG. 12.-CBA mouse 99, treated for 6 months. The tumour is a pure squamous cancer.
x 39.
FIG. 13.-Metastasis in regional lymph gland of glandular carcinoma show-n in Fig. 11.
x 90.
1
Fie,,. 14.-Immature CBA mouse, 11 g. in weight, untreated. Transverse section of uterine
horn, showing absence of endometrial glands. x 40.
FIG. 15.-White mouse 118, treated for 151 months. The left horn (i.e. the implantedhom)
of a spayed immature mouse ebowing absence of endometrial glands. x 40.BRiTisH JOURNAL OF CANCER. Vol. IV, No. 2.
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TABLF, IIL-COMpamOn of Tumour Incidence in CBA and White, -Mice.
Carcinoma.
Number Average
ofm'ce' Number. Per cent. induction
period
(months).
I 15 6 40-0 10-5
1 94 . 14 14-9 11-5
36 . 3 8- 3 10-2
Sarcoma.
Average
Number. Percent. induction
period
(months).
8 53-3 8-0
7 7
-4 8-0
3 8- 3 5-8
Immature CBA .
All types white .
Immature white
compared with II-5 months in wbite mice), but the induction period of sarcomas
was similar in the two groups (8 months). The range of induction period of
carcinomas was also greater in white mice (4j-20 months; Table II).
Effect of degree of maturity at the time of implantation.
It was rather surprising that carcinoma could be induced by this means in
immature mice, spayed at the time of implantation, when they weighed 11-15
g. (white mouse 85, CBA mice 103, 104 and 107; 'Table I), where the uterine
glands could be expected to be in a state of minimum activity (Fig. 14) 15). it
is evident, however, that maturity at the start tended to improve. the tumour
yield, though it did not lower the period of induction in white nlice (Table IV).
This factor could not be tested on CBA mice, as only immature mice were used.
Effext Of 8paying.
Spaying had no apparent effect on the incidence of aR tumours either in CBA
mice (Table I), where the numbers were very small, or in white mice (Table IV).
T-&BL1. IV.-Influence, of Spaying, Maturity and Technique on the Incidence.of
Tumour8 in White Mice.
Ca,rcinoma Percentage Average period
Carcinoma. Sarcoma. and ofmice with after implanta-
Sarcoma. tumours. tion of appear.
ance of tumours.
6 1 16 8-5 10 months.
7 5 27 8-5 11 op
2 2 14 8-1 8- 6 VP
11 4 26 8-1 11-3 119
9 6 25 8-1 11-4
4 13 8-1 8
Type of mouse. Number.
Spayed
Intact
45
49
36
58
Inunature .
Mature
Crystal
ixnplantation
Lard injection
63
31
The yield of sarcomas was, however, greater in intact than in spayed white mice,
though the difference was not statisticaRy significant. But when white mice
implanted with crystals, i.e. mice which received the larger dose of carcinogen,
are considered (Table V), it is noteworthy that the lowest incidence of tumours
occurred in spayed immature mice. Even though the numbers are sman, the
agreement between the three other groups in Table V suggests that the lower
incidence of tumours in spayed immature mice is ofsignificance.
Effect of technique.
The implantation of crystals ofmethylcholanthr'ene was rather more effective
in inducing tumours than was the introduction of a I per cent s9lution in lard202 GEORGIANA M. BONSER AND J. M. ROBSON
TABLF,'V.-Influence of Spaying and Maturity on Tumoum in W7bite Mice, Im-
planted with Cry8ta18.
Carcinoma Percentage Average period
Type of mouse. Number. Carcinoma. Sarcoma. and ofmice with after implanta-
sarcoma. tumours. tion of appear-
ance of tumours.
Spayed mature 12 3 1 33 11-6 . 11 months.
l[ntact mature 24 5 2 31 11-6 . 13-5 VP
Spayed immature 14 1 7 11-6 .
Intact immature 13 1 2 31 11-6 . 6-4 99
(Table IV), though again the difference was not statistically signifiCant; the
induction period was not reduced. The weight of crystals (0-1 mg.) was very
much less than that used by Castellano and D'Amour (1944) and Greenblatt and
Kupperman (1947) in the rat (10 mg.). It isprobablycomparable with the dose
used by Pan and Gardner (1948) for the induction of tumours in subcutaneous
implants (" small crystals
Hi8tological type.
The carcinomas were classified as adenocarcinomas, adenocarcinomas with
squamous metaplasia and as frank squamous carcinomas. Neither strain, degree
ofmaturity at the time ofimplantation, spaying nor technique affected the type
of cancer induced. Polymorphonuclear exudate was a; Very common accompani-
ment of all types of carcinoma, sometimes proceeding to pyometra. Pyometra
was frequently observed in those uterine horns is which no cancer developed.
SUMMARY.
The experiment has shown that direct implantation of a carcinogen into the
uterine horn ofthe mouse is a suitab4e methodforinducing endometrial carcinoma.
A high incidence may be expected in mice of the CBAstrain, and quite possibly
also in mice ofother strains notyet tested. Thepicture is somewhatcompficated
by the occurrence ofsarcomas, which tend to occur ahttleearher thancarcinomas,
but improvement in technique niight obviate this difficulty. There is evidence
that'hormonal factors are to some extent concemed in the induction of endo-
metrial carcinomaby this means.
The expenses of this investigation have been partly defrayed by a grant from
the. Medical Research Council (to J. M. R.).
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